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MOTOR 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority of Japanese Application 

No. 2002-254196, filed August 30, 2002, the complete disclosure of which is hereby 

incorporated by reference. 

BACKGROUND OF THE INVENTION 

a) Technical Field 

[0002] The present invention relates to a motor. More specifically, it 

relates to the technology of thinning the casing of the (stepping) motor. 

b) Description of the Related Art 

[0003] Figs. 1 (A) and (B) illustrate a compact stepping motor 1 for 

use in a digital camera, digital video camera, and slim optical disk drive 
(ODD). Stepping motor 1 is generally constructed in the following manner: 
a circular first bobbin 5A wrapped with a coil and a second bobbin 5B (also 
wrapped with a coil) abut each other in the motor's axial direction; and a 
rotor securing hole is provided by first bobbin 5A and second bobbin 5B 
such that multiple poles of inner stators 2A, 2B and outer stators 3A, 3B are 
circumferentially arranged. Rotor 7 is secured around rotary shaft 71 fitted 
with rotor magnet 72. Rotor magnet 72, secured on the rotor securing hole, 
faces stator poles over a given space therebetween. Plate 8 is secured onto 
outer stator 3B to hold thrust bearing 82 which supports rotary shaft 71. 
Alternately, radial bearing 81, which is supported by plate 8, may support 
rotary shaft 71 as shown by the dotted line in Fig. 1 A. Rotary shaft 71 is 
further supported by thrust bearing 82 arranged toward the first bobbin 5A 
end. Thrust bearing 82 is pressed against rotary shaft 71 by flat spring 83, 
which is cut and raised at the bottom of metallic cup-like cover 80 bonded to 
outer stator 3A. Terminals 50A, 50B are provided at the outer end of first 
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bobbin 5A and second bobbin 5B in a radial direction such that the ends of 
the coils are terminated at terminal pins 51 A, 51 B of terminals 50A, and 50B. 
The circumferences of outer stators 3A, 3B constitute casing 2; and 
terminals 51 A, 50B project through openings on casing 2. 
[0004] Stepping motor 1 as configured above has cylindrical casing 2 

whose cross section in a direction perpendicular to the plane of the motor 
axis is truly circular. 

PROBLEMS ADDRESSED BY THE INVENTION 

[0005] The market demands a thin stepping motor 1 that is short in a 

direction perpendicular to the motor's axial plane (flat on the radius plane). 
A conventional approach to thinning a stepping motor is to shrink the 
components in stepping motor 1 . This conventional approach has a 
drawback in that it affects motor performance. 

[0006] The applicant addresses this problem by providing an opening 

20 by drilling the portion facing each other on side surfaces of casing 2 as 
illustrated in Figs. 2 (A), (B), (C) and (D). 

[0007] Nonetheless, in the above configuration, a large amount of 

magnetic flux leaked from stepping motor 1 and moisture entered into 
stepping motor 1 through opening 20, deteriorating humidity resistance. The 
product could thus be used only under limited circumstances. Casing 2 itself 
is a part of the magnetic passage. Yet, when opening 20 is formed on 
casing 2, magnetic passages of different lengths tend to induce magnetic 
flux saturation, thereby affecting (consistency of) torque and delivery 
accuracy. 

OBJECT AND SUMMARY OF THE INVENTION 

[0008] Understanding the above problems, the primary object of the 

invention is to provide a vertically thin motor without mitigating motor 
performance. 

[0009] More specifically, the present invention overcomes the problem 

by providing a motor having a casing made of a magnetic material for 
housing a rotor and a coil, and by further providing openings to ensure 
excellent magnetic properties. The present invention is also enhanced by 
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closing the openings with magnetic plates that are thinner than the thickness 
of (the material of) the casing. 

[0010] Since openings are provided on side surfaces of the casing in 

the present invention, the motor can be thinned vertically for the thickness of 
the casing (material). Magnetic plates close the openings. Nonetheless, 
these magnetic plates are thinner than the thickness of the casing (material), 
thereby providing room for vertical thinning thereof. Further, the magnetic 
plates have better magnetic properties than the casing, which assists 
magnetic passages maintaining an uniformity thereof against interruption 
derived from the openings. The opening - induced magnetic flux saturation 
is thus prevented. Moreover, since the openings are closed with magnetic 
plates, little magnetic flux will leak and moisture will not migrate into the 
motor, consequently resolving the safety issue. 

[001 1] In this invention, it is desirable that openings are provided on 

side surfaces facing each other in the casing. 

[0012] The magnetic plates of the present invention are made of, for 

example, permalloy. 

[0013] It is also desirable that the magnetic plates are provided with 

an extended portion and a spring for transmitting a force in the motor axial 
direction wherein the extended portion extends from the side surface of the 
casing bent along the bottom until it reaches the end of the rotor's rotary 
shaft; the spring made by cutting and raising a part of the extended portion. 
This configuration eliminates the need for attaching a cover having a spring 
at the bottom, consequently reducing the number of components required for 
assembling the motor and the height in the motor axial direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] In the drawings: 

[0015] Fig. 1 (A) is a cross section of the stepping motor adopting the 

present invention; Fig. 1 (B) is a bottom view of the stepping motor adopting 
the present invention; 

[0016] Fig. 2 (A) is a left side view illustrating the stepping motor 

adopting the present invention wherein openings are provided on side 
surfaces of the casing; Fig. 2 (B) is a right side view, Fig. 2 (C), is a bottom 
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view, and Fig. 2 (D) is a cross section wherein the casing is cut along a 
plane perpendicular to the motor axis; 

[0017] Fig. 3 (A) is a left side view illustrating the stepping motor of 

Embodiment 1 of the present invention wherein magnetic plates cover 
openings provided on side surfaces of the casing; Fig. 3 (B) is a right side 
view, Fig. 3 (C), is a bottom view, and Fig. 3 (D) is a cross section wherein 
the casing is cut along a plane perpendicular to the motor axis; 
[0018] Fig. 4 (A) is a left side view illustrating the stepping motor of 

Embodiment 2 of the present invention wherein openings are provided on 
side surfaces of the casing; Fig. 4 (B) is a right side view, Fig. 4 (C), is a 
bottom view, and Fig. 4 (D) is a cross section wherein the casing is cut along 
a plane perpendicular to the motor axis; and 

[0019] Fig. 5 (A) is a left side view and Fig. 5 (B) is a bottom view both 

illustrating the stepping motor of Embodiment 2 of the present invention 
wherein openings are provided on side surfaces of the casing covered by a 
magnetic plate. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] Embodiments of the present invention are described herein 

with reference to the drawings. The stepping motor adopting the present 
invention has the same configuration as that described with reference to Fig. 
1 (A). Therefore only notable characteristics of the motor of the present 
invention are described herein, and therefore, its details are eliminated. 

EMBODIMENT 1 

[0021] Fig. 2 (A) is a left side view illustrating the stepping motor 

adopting the present invention wherein openings are provided on side 
surfaces of the casing; Fig. 2 (B) is a right side view; Fig. 2 (C), is a bottom 
view; and Fig. 2 (D) is a cross section wherein the casing is cut along a 
plane perpendicular to the motor axis. Fig. 3 (A) is a left side view illustrating 
the stepping motor adopting the present invention wherein magnetic plates 
cover the openings that are provided on side surfaces of the casing; Fig. 3 
(B) is a right side view; Fig. 3 (C), is a bottom view; and Fig. 3 (D) is a cross 
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section wherein the casing is cut along a plane perpendicular to the motor 
axis. 

[0022] In the stepping motor of this embodiment, as described with 

reference to Fig. 1 (A), casing 2 is constructed with the circumferences of 
outer stator 3A, 3B. Inside casing 2, first bobbin 5A and second bobbin 5B 
both wrapped in coils are stacked against each other in the motor's axial 
direction and further, inside first bobbin 5A and second bobbin 5B, is 
arranged rotor 7 having rotary shaft 71 and rotor magnet 72. 
[0023] In the stepping motor 1 of the above configuration of this 

embodiment, openings 20 are provided on the right and left side surfaces of 
casing 2, as a result, coils are exposed through openings 20 without closure 
as illustrated in Figs. 2 (A), (B), (C) and (D). 

[0024] To resolve the problem, 0.1 mm thick permalloy magnetic 

plates 4 are bonded to casing 2 by means of welding or caulking as 
illustrated in Figs. 3 (A), (B), (C) and (D). Openings 20 are thus completely 
closed in these figures. 

[0025] Here, casing 2 has a thickness of 0.3 mm. Even though 

permalloy magnetic plates 4 are thinner than the thickness of (the material 
of) casing 2, magnetic plates 4 have better magnetic properties than casing 
2 because they are made of zinc-plated steel plate. 
[0026] At the bottom of the casing, cup-like metallic cover 80 is 

attached to the bottom of casing 2 in this embodiment as well and spring 83 
is provided at the bottom of cover 80 wherein spring 83 is made by cutting a 
part of the bottom and raising the cut part therefrom. Rotary shaft 71 of rotor 
7 is thus pressed by spring 83 in the motor's axial direction as illustrated in 
Fig. 1 (A). 

[0027] As already described, openings 20 are provided on the sides of 

casing 2 in the stepping motor 1 in this embodiment. As a result, the motor 
can be vertically thinned for the thickness of (the material of) casing 2. Even 
though magnetic plates 4 close openings 20, magnetic plates 4 are thinner 
than the thickness of (the material of) casing 2; as a result the motor can be 
vertically thinned. 

[0028] Further, magnetic plates covering openings 20 have better 

magnetic properties than casing 2. As a result, forming openings 20 on 
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casing 2 does not produce magnetic passages of uneven length, thereby 
eliminating the possibility of inducing saturation of magnetic flux. Moreover, 
closing openings 20 with magnetic plates 4 prevents leakage of a large 
amount of magnetic flux through opening 20 and migration of moisture 
through opening 20, consequently eliminating safety issues. 

EMBODIMENT 2 

[0029] Figs. 4 (A) is a left side view illustrating the stepping motor 

adopting the present invention wherein openings on side surfaces of the 
casing are covered with magnetic plates; Fig. 4 (B) is a right side view, Fig. 4 
(C), is a bottom view, and Fig. 4 (D) is a cross section wherein the casing is 
cut out along the plane perpendicular to the motor axis. 
[0030] In the stepping motor of this embodiment too, as described 

with reference to Fig. 1 (A), casing 2 is constructed with the circumferences 
of outer stators 3A and 3B. Inside casing 2, circular first bobbin 5A and 
second bobbin 5b both wrapped in coils are stacked against each other in 
the motor's axial direction; and inside first bobbin 5A and second bobbin 5B, 
rotor 7 having rotary shaft 71 and rotor magnet 72 are arranged. 
[0031] As in the same manner as Embodiment 1 , in the stepping 

motor 1 of this embodiment having the above configuration, openings 20 are 
provided on the right and left side surfaces of casing 2, as a result, coils are 
exposed through rectangular openings 20 without closure as illustrated in 
Figs. 2 (A), (B), (C) and (D). 

[0032] To resolve the problem, 0.1 mm thick permalloy magnetic 

plates 4 are secured (bonded) to casing 2 by means of welding or caulking 
as illustrated in Figs. 4 (A), (B), (C), and (D). Openings 20 are thus 
completely closed by magnetic plates 4 in these figures. Here, casing 2 has 
a thickness of 0.3 mm. Even though permalloy magnetic plates 4 are thinner 
than the thickness of (the material of) casing 2, magnetic plates 4 have 
better magnetic properties than casing 2 because they are made of zinc- 
plated steel plate. 

[0033] For this reason, openings 20 are provided at side surfaces of 

casing 2 in the stepping motor 1 in this embodiment as well. As a result, the 
motor can be vertically thinned for the thickness of (the material of) casing 2. 
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Closure of openings 20 with magnetic plates 4 prevents motor properties 
from deterioration. The advantageous effects similar to Embodiment 1 are 
thus ensured. 

[0034] Regarding the two magnetic plates 4, one of the magnetic 

plates 4 is provided with an extended portion in such a manner that the 
magnetic plate 4 extends from the side surface of casing 2, being bent at the 
bottom of casing 2, until it reaches the end of rotary shaft 71 of a rotor. On 
extended portion 40 is provided spring 41 for transmitting a force from rotary 
shaft 71 in the direction of the motor axis, wherein spring 41 is made by 
cutting a part of the extended portion 40 and raising the cut portion. 
[0035] This embodiment eliminates the need for attaching cover 80 

having a spring at the bottom (See Figs. 1, 2, and 3), and consequently 
reduces the number of components required for assembling the motor and 
the height in the motor axial direction. 

EMBODIMENT 3 

[0036] Fig. 5 (A) is a left side view and Fig. 5 (B) is a bottom view 

illustrating the stepping motor adopting the present invention wherein 
openings are provided on side surfaces of the casing are covered by 
magnetic plates. 

[0037] In the stepping motor of this embodiment too, as described 

with reference to Fig. 1 (A), casing 2 is constructed with the circumferences 
of outer stators 3A and 3B. Inside casing 2 are arranged circular first bobbin 
5A and second bobbin 5b, both wrapped in coils, abutting each other in the 
motor's axial direction; inside first bobbin 5A and second bobbin 5B are 
arranged rotor 7 having rotary shaft 71 and rotor magnet 72. 
[0038] As in the manner of Embodiments 1 or 2, the stepping motor 1 

of the above configuration in this embodiment, openings 20 are provided on 
the right and left side surfaces of casing 2, as a result, coils are exposed 
through openings 20 without closure as illustrated in Figs. 2 (A), (B), (C) and 
(D). 

[0039] To resolve the problem, 0.1 mm thick permalloy magnetic 

plates 4 are bonded to casing 2 by means of welding or caulking as 
illustrated in Figs. 5 (A) and (B). Openings 20 are thus completely closed by 
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magnetic plates 4 in these figures. Here, casing 2 has a thickness of 0.3 
mm. Even though permalloy magnetic plates 4 are thinner than the 
thickness of (the material of) casing 2, magnetic plates 4 have better 
magnetic properties than casing 2 because they are made of zinc-plated 
steel plate. In addition, magnetic plate 4 is a U-shaped member made by 
bending the plate so as to cover both openings of casing 2 in this 
embodiment. 

[0040] Openings 20 are provided on side surfaces of casing 2 in the 

stepping motor 1 of this embodiment as well. As a result, the motor can be 
vertically thinned for the thickness of (the material of) casing 2. Closure of 
openings 20 with magnetic plate 4 prevents the motor properties from 
deterioration. The same advantageous effect as Embodiment 1 and 2 are 
thus ensured. 

[0041] Since a piece of magnetic plate 4 closes two openings 20, 

there is no need to prepare a pair of plates 4 to separately fit each opening 
2. A number of components required for assembling the motor are thus 
eliminated, improving productivity. 

ALTERNATE EMBODIMENT 

[0042] Magnetic plate 4 used in the above embodiments was made of 

permalloy, however, magnetic SUS or Si-steel plate may be used as long as 
it has better magnetic properties than casing 2. 

[0043] Regarding magnetic plate 4, one may (strategically) determine 

the points of openings on casing 2 such that casing 2 is structurally enforced 
with magnetic plates 4 as magnetic plates 4 close openings. The overall 
strength of casing 2 is thus enhanced. 

[0044] In the above embodiments, openings are provided on both end 

surfaces of casing 2 that are facing each other. However, only one opening 
20 may be provided to be closed by magnetic plate 4. 
[0045] Also in the above embodiments, openings 20 are provided on 

cylindrical casing 2 which are then closed by magnetic plates 4. However, 
one or more openings 20 may be formed on a prism shaped casing 2 to be 
closed by magnetic plates 4. 
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ADVANTAGEOUS EFFECTS OF THE INVENTION 

[0046] Since openings are provided on side surfaces of the casing in 

the present invention, the motor can be thinned vertically for the thickness of 
the casing (material). Magnetic plates close the openings. Nonetheless, 
these magnetic plates are thinner than the thickness of the casing (material), 
thereby providing room for vertical thinning thereof. Further, the magnetic 
plates have better magnetic properties than the casing, providing magnetic 
passages of a uniform length even though openings are present. Opening- 
induced magnetic flux saturation is thus prevented. Moreover, since 
openings are closed with magnetic plates, little magnetic flux will leak and 
moisture will not migrate into the motor, consequently resolving safety 
issues. 

[0047] While the foregoing description and drawings represent the 

present invention, it will be obvious to those skilled in the art that various 
changes may be made therein without departing from the true spirit and 
scope of the present invention. 
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